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Electronic spectroscopy of cold ions
ion traps
→ long storage times
→ low temperatures
methods: ’action spectroscopy’
→ fragmentation
→ chemical reaction
seek general approach
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Laser induced inhibition of complex growth
ternary association
M+(X) + 2 He
k3−→ [M− He]+ + He
electronic excitation
M+(X) + hν
klas−→ M+(A)
−→ inhibition
−→ decrease in number of [M− He]+ as a function of ν
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Experimental
apparatus
source
mass lter
22-pole trap
mass spectrometer
detector
bender
Experiment: more details...
→ He number density 1015cm−3
→ storage time 1s
→ laser and He - first 500 ms
→ detect N+2 − He
Results: N+2 electronic spectroscopy
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−→ N+2 absorption
Other methods
Laser induced charge transfer1
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N+2 (v
′′ = 0) + Ar → Ar+ (2PJ) + N2
−→ endothermic, 0.18 eV
−→ kCT< 10−12 cm3 s−1
N+2 (v
′′ > 0) + Ar → Ar+ (2PJ) + N2
−→ kCT= 4 × 10−10 cm3 s−1
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Results: comparison with LICT
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→ decrease in number of N+2 − He
LICT
→ increase in number of Ar+
line positions agree to within 0.001 cm−1
→ not due to laser induced fragmentation
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LIICG: more details...
→ laser excitation, 500 s−1
→ radiative lifetime, 10µs
→ vibrational relaxation,
krel = 1× 10−14 cm3 s−1
→ ternary association,
k3 = 1× 10−31 cm6 s−1
→ collision induced dissociation,
kcid = 1× 10−14 cm3 s−1
→ rotational redistribution,
kN→N−2 = 1× 10−13 cm3 s−1
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Simulations
ion cloud
→ ortho− N+2 (N = 0, 2, 4, 6)
→ N+2 − He
→ N+∗2
He number density
→ 4.75 × 1015 cm−3
rotational temperature
→ Trot = 10.6 K
initial conditions
→ P(N = 2) = 50%
→ P(N = 0, 4, 6) = 0
→ P(N+∗2 ) = 50%
→ P(N+2 − He) = 0
LIICG: simulations
→ without laser excitation
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LIICG: simulations
→ including laser excitation
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Conclusions
method for measuring spectra of cold molecular ions
→ based on the inhibition of He complex formation
advantages
→ universal
→ one colour
→ spectrum of bare ion
depending on species of interest, many parameters can be varied
→ laser power (excitation rate)
→ He density (relaxation rate)
→ storage time
→ Further details: J. Phys. Chem. Lett. 4 (2013) 4051.
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